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Multiplex amplification of femA and mecA genetic determinants allowed an early and rapid identification of
methicillin-resistant Staphylococcus aureus (MRSA) in endotracheal aspirates of mechanically ventilated pa-
tients. femA and/or mecA amplification and bacteriological results were concordant in 57 of 60 samples. In all
three discrepant cases, complementary bacteriological tests confirmed the presence of MRSA first identified by
molecular analysis. These results underline the value and rapidity of this molecular diagnosis for MRSA
infection and control surveillance in intensive care units. Rapid MRSA detection is expected to have a
significant clinical impact not only on patient outcome but also on the costs for isolation and treatment.

The frequencies of methicillin-resistant Staphylococcus au-
reus (MRSA) and methicillin-resistant coagulase-negative
staphylococcus (MR-CNS) infections are a worldwide concern,
especially in intensive care units (ICU) (4, 12, 16). Risk factors
include prolonged tracheal intubation and mechanical ventila-
tion in critically ill patients (28, 30). In these patients, MRSA-
mediated nosocomial pulmonary infections are associated with
a high mortality and morbidity (1, 11, 23). Mechanisms of
bacterial colonization and airway inoculation include aspira-
tion of secretions contaminated with the pathogenic organism
(10). MRSA can be acquired endogenously or during hospi-
talization by cross-contamination from colonized health care
workers or other chronically infected patients (21, 22). There-
fore, rapid and specific detection of MRSA colonization in
upper and lower respiratory tracts is of paramount importance
for appropriate therapeutic management and patient isolation.
Unfortunately, conventional MRSA diagnosis in tracheal aspi-
rates is adversely affected by several factors: the time required
for proper bacterial identification and an accurate susceptibil-
ity test, frequent colonization of the upper airways by gram-
negative bacilli (6), potential growth inhibition of staphylococ-
cal species by gram-negative bacteria (18), great variability of
growth conditions for MRSA (27), and prior antibiotic treat-
ment, which may reduce the sensitivity of microorganism iden-
tification (7).

In staphylococcal species, resistance to methicillin and other
b-lactam antibiotics is primarily mediated by the overproduc-
tion of an additional altered penicillin-binding protein
(PBP2a) (13). The mecA gene, the structural determinant en-
coding PBP2a, is highly conserved among the methicillin-re-
sistant species but is absent from susceptible strains, making it
a useful molecular marker of b-lactam resistance in all staph-
ylococci (24, 25). Another chromosomal element, femA, which
cooperates with mecA for the expression of b-lactam resis-
tance, appears to be a unique feature of S. aureus (3, 26, 29).

We recently validated in vitro a multiplex PCR where coam-
plification of both determinants clearly distinguished suscepti-
ble (lacking mecA) from resistant (mecA1) staphylococci, as
well as distinguishing S. aureus (femA1) from coagulase-nega-
tive staphylococci (lacking femA) (29) (Fig. 1). Although very
attractive, such a molecular identification still awaited clinical
evaluation. In this study, we prospectively assessed the value of
the multiplex assay for endotracheal aspirates (ETA). After
family consent, samples were collected from mechanically ven-
tilated patients during and a few months after an outbreak of
MRSA infections.

(This study was presented at the 37th Interscience Confer-
ence on Antimicrobial Agents and Chemotherapy, Toronto,
Canada, October 1997 [28a].)

A total of 48 patients, treated in four contiguous ICU, were
included in the study, 33 of them being assessed over a period
of 3 weeks during the outbreak and 15 being assessed a few
months afterward. ETA were collected as follows. Five milli-
liters of sterile physiological saline was first instilled via the
tracheal tube. After two or three artificial respiratory cycles, up
to 3 ml of fluid was gently aspirated into a sterile tube via a
sterile flexible cannula connected to a vacuum pump. Sixty
duplicate ETA were collected for both microbiological exam-
ination and multiplex PCR analysis. Specimens for molecular
analysis were either prepared immediately or maintained for a
maximum of 24 h at 4°C until processed. Conventional iden-
tification of species and susceptibility tests were performed by
disk diffusion testing with oxacillin in accordance with the
National Committee for Clinical Laboratory Standards criteria
described previously (15, 20). For the multiplex PCR assay,
clinical specimens were homogenized in 5 ml of TE buffer (20
mM Tris HCl [pH 8.0], 10 mM EDTA) containing 2% (wt/vol)
sodium dodecyl sulfate. The homogenate (1.5 ml) was then
centrifuged for 5 min at 7,500 3 g. The cellular pellet was
washed once with TE buffer, lysed in the presence of 1%
(vol/vol) Triton X-100 and 50 mg of lysostaphin (Sigma Chem-
ical Co., St. Louis, Mo.), and incubated for 15 min at 37°C.
Lysis was completed by adding 100 mg of proteinase K (Boehr-
inger, Mannheim, Germany). The lysate was incubated for
another 15 min at 55°C and 5 min at 95°C. It was centrifuged
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at 4,000 3 g for 5 min. In order to purify bacterial DNA, 200
ml of the supernatant was then filtered on a NucleoSpin C1T
column (Macherey-Nagel, Düren, Germany) and eluted with
200 ml of sterile H2O, according to the manufacturer’s proto-
col. Two different amounts of the DNA suspension (2 and 20
ml) were subjected to multiplex PCR amplification as previ-
ously described (29). Primers used were 59-TGGCTATCGTG
TCACAATCG-39 and 59-CTGGAACTTGTTGAGCAGA
G-39 for mecA and 59-CTTACTTACTGGCTGTACCTG-39
and 59-ATGTCGCTTGTTATGTGC-39 for femA, yielding
310- and 686-bp fragments, respectively (Fig. 1). The 40 PCR
cycles were carried out in a model 2400 thermocycler (Perkin-
Elmer, Foster City, Calif.) as follows: denaturation at 92°C for
20 s, annealing at 58°C for 20 s, and DNA extension at 72°C for
20 s, with increments of 2 s per cycle for the denaturation and
extension segments. Amplified, ethidium bromide-stained
DNA fragments were visualized after electrophoresis on aga-
rose gel.

Molecular and conventional tests were performed in differ-
ent laboratories, and results were compared (Table 1). In the
multiplex amplification, identical results were obtained with
either 2 or 20 ml of the DNA suspension. A perfect correlation

between genotypic and phenotypic analyses was found for 57
ETA. The mecA and femA determinants were amplified from
every ETA containing MRSA (n 5 25), as determined by
standard bacteriological methods. Single femA or mecA signals
were found in specimens containing either methicillin-suscep-
tible S. aureus (MSSA) (n 5 10) or MR-CNS (n 5 6), respec-
tively. On the other hand, no signal was obtained from ETA
colonized with gram-negative bacteria (n 5 5) or methicillin-
susceptible CNS (MS-CNS) (n 5 6) and from five ETA con-
taining normal pharyngeal flora.

Of note, discrepancies were found in three cases where femA
and mecA markers were both amplified in ETA but no bacte-
riological evidence of staphylococci was found in the corre-
sponding culture. One of the three cultures was massively
positive for Pseudomonas aeruginosa. However, further identi-
fication on hyperselective medium (mannitol-salt-agar),
prompted by the discrepant molecular result, identified MRSA
in this ETA. For the other two cases, bacteriological controls
revealed MRSA nasal carriages at the time of ETA specimen
collection. Successive cultures repeated over the next few days
also identified MRSA in ETA.

These results extend our previous in vitro data (29). They
emphasize the sensitivity and specificity of the multiplex PCR
strategy for detecting MRSA in ETA. The entire procedure
can be completed in less than 6 h, either on the day of sample
collection or the next day. This is quicker than conventional
identification and susceptibility tests (48 to 72 h). Interestingly,
the current data suggest that MRSA molecular detection is
valuable for samples coinfected by fast-growing gram-negative
bacteria such as P. aeruginosa, a potential cause of false-neg-
ative results by standard methods. Such a rapid and accurate
MRSA identification may be applied to other sites such as
nares, sputum, and wounds.

Accordingly, we can expect this method to have a positive
economic impact. Effective but expensive barrier isolations are
indeed recommended to control MRSA, especially for patients
at high risk for MRSA carriage (transfer from a nursing home
or other chronic care facilities and hospitals) (2, 5, 14). On the
other hand, empiric glycopeptide treatment has been officially
recommended for nosocomial pneumonia with risk factors (2),
because delayed administration of adequate antibiotic therapy
is associated with a greater risk of hospital mortality (reviewed
in reference 17). Whereas the cost per sample of a conven-
tional culture appears to be in the same range as that for our
molecular assay (14) (data not shown), rapid same-day bacte-
rial identification and susceptibility testing by a molecular
method would prevent unnecessary isolation procedures and
inappropriate empiric glycopeptide treatment, both of which
are responsible for high additional costs (8, 14, 19). Moreover,
rapid testing has been shown to have a major impact on care
and outcome (i.e., resulting in a lower mortality rate, fewer
laboratory studies, and shorter stays in the ICU, etc.) (9).
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TABLE 1. Bacteriological and molecular results for ETAa

No. of ETA

Identification

Phenotypic
(bacteriological tests)

Genotypic
(multiplex PCR strategy)

Correlations (n 5 57)
25 MRSA femA1/mecA1

10 MSSA femA1/no mecA
6 MR-CNS no femA/mecA1

6 MS-CNS no femA/no mecA
5 Gram-negative

bacteria
no femA/no mecA

5 Normal flora no femA/no mecA

Discrepancies (n 5 3)
1 Gram-negative

bacteriab
femA1/mecA1

2 No MRSAc femA1/mecA1

a The 25 MRSA-positive ETA were found in 15 of 33 patients during the
outbreak; the 5 ETA containing normal flora were collected from three patients.
All other results correspond to one ETA per patient.

b P. aeruginosa coinfection.
c MRSA nasal carriage.
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